It is our purpose in this work, undertaken at the suggestion and carried out with the aid of Dr. Leo Loeb, to trace the fate of the thyroid gland after homeoplastic transplantation, and to compare it with the behavior of this tissue after autoplastic transplantation.
The vast literature of thyroid transplantation relates chiefly to autoplastic transplantation. A few brief statements on homeotransplantation are made by Cristiani (I). An accurate comparative analysis of the difference in the growth of auto-and homeoplastically transplanted thyroid tissue does, however, not exist. A communication, published recently by Leischner and K6h!er (2) mentions only the disappearance and resorption of the homeograft, without giving histological descriptions.
The findings of the various authors, as far as they concern the fate of • thyr°id tissue after autotransplantation, agree in general. Von Eiselsberg's (3) successful implantation of cat thyroid (I892), with an histological description, was in all points confirmed by Sultan (1898) (4) . The work of Enderlen (1898) (5) deals with the successful implantation of the thyroid as an established fact and takes up the further question, whether the transplanted gland continues to exert its normal function, and whether it produces and eliminates a sufficient quantity of colloid. Enderlen concludes that while the transplanted gland produces colloid, it does so in insufficient quantity, and that the elimination of the colloid is insufficient. The same question concerning the secretion of colloid on the part of the transplanted gland was raised again in I9o6 by Payer (6) , who transplanted thyroids of dogs, cats, rabbits, and guinea pigs into the lower pole of the spleen, which he considers favorable soil; he finds an extensive elimination of colloid, taking the presence of colloid in the lymphatic vessels of the spleen as proof of this elimination.
Salzer (7), who transplanted thyroid into the abdominal musculature, considers this tissue likewise favorable soil for the absorption of colloid. He states that in some places the muscle tissue directly surrounds the thyroid vesicles; that in other places, however, the implanted gland is surrounded by a very fine connective tissue capsule; at no place was Salzer able to find a more or less dense connective tissue layer surrounding the implanted graft.
Numerous papers deal with technical questions in addition to the histological description; for "instance, the soil most favorable for transplantation. Thus Cristiani writes exclusively on questions of technique (over thirty papers, I804-I9o6) ; he discusses especially the size of the transplanted piece and the importance of the capsule for successful transplantation.
tn his first work Cristiani used the same technique for subcutaneous or intraperitoneal transplantation as his predecessors; in his later work he gives preference to subcutaneous transplantation into the ear of the rabbit, as this method permits better observation of the size, transparency, and vascularization of the graft. Salzer prefers intramuscular transplantation into the abdominal wall; he considers this method preferable to the one recommended by Serman and Koeher (I9o8) (8) of transplantation into the metaphysis of the femur.
Von Eiselsberg (3) already gives as important factors for successful transplantation asepsis and rapid transfer (within ten seconds) of the still warm, living tissue. Cristiani found that exposure of the pieces to the air for ten seconds does not injure the tissue, but that a longer exposure markedly diminishes its vitality. Cristiani successfully carried out autotransplantations in mammals, birds, reptiles, and amphibia; in fishes he did not succeed on account of technical difficulties. According to Cristiani, the thyroid continues to live and to grow after autoplastie transplan,tation; even the transplanted thyroid, if transplanted a second time, grows again, provided the transplantation had not been undertaken at too early a date.
Cristiani found, furthermore, a remarkable power of resistance of the transplanted thyroid against different infections with various micro6rganisms (B. coli, streptococcus, and staphylococcus) ; even different substances, such as turpentine, usually causing necrosis, did not injure the transplanted graft. In this laboratory successful transplantations of the thyroid were obtained by Carroll Smith (9) in connection with a different problem. He describes, however, only the autoplastically transplanted pieces, without reference to the behavior of the corresponding homeografts.
METHOD.
In our experiments we used guinea pigs, working always on two animals. The neck and abdominal region of the animals are shaved and cleaned with alcohol and a solution of mercury bichloride, then covered with sterile towels soaked in the mercury bichloride solution, and the animals are narcotized with ether. An incision I to 2 cm. in length is made in the abdominal region. Into this incision an instrument is introduced and narrow pockets are made on the right and left sides between the skin and subcu~taneous .tissue or the abdominal musculature, at a distance of about 3 to 4 cm. from the point of incision.
Our series includes over 75 animals with more than 14o grafts. Pieces of the remaining part of the thyroid gland were examined microscopically. The animals were killed with chloroform at intervals of 24, 36, 48, and 72 hours, and 4, 5, 7, 9, II, 12, 13, 14, 16, 17, 19, 22, 26, 27, 29, 31, 33, 4o, 43, 47, and 52 days after the trans-plantation; the grafts and the parts of the remaining thyroid lobe were preserved in Zenker's fluid and cut serially.
DESCRIPTION OF THE TRANSPLANTS.
Transplanted tissue removed 24, 36 , and 48 hours after transplantation was necrotic, with the exception of a narrow peripheral zone. Towards the periphery numerous widely dilated capillaries with an occasional fibroblast between them are seen, penetrating into the central necrotic area. The peripheral zone consists largely of more or less well preserved follicles with epithelium and colloid, which appears retracted and lying free in the lumen of the follicle. The epithelium is flat or cuboidal; its nuclei are vesicular and rather dark. Mitoses are absent. In the surrounding tissue isolated fibroblasts, lymphocytes, and polynuclear leucocytes are seen. The grafts lie free in the pockets. There is at this period no difference between the auto-and homeograft.
After 72 Hours.--An extensive central necrotic area is still present, but it is now divided into smaller parts by a wide network of capillaries. The number of chromatin particles and pycnotic nuclei in the necrotic material is diminished, while the fibroblasts, polynuclear leucocyces, and lymphocytes are increased. The peripheral living follicular zone has become larger and consists of two to three rows of follicles, lined with high euboidal epithelium, containing light vesicular nuclei, which already show some, although not yet numerous mitotic figures. Colloid is present in the majority of the follicles. At several places fibroblasts from the periphery are invading the spaces between the follicles; they originate from the host tissue and are very numerous in the tissue surrounding the grafts; mitoses are quite frequent in these cells. There is not yet any distinct difference between auto-and homeotransplant, although the blood vessel supply in one homeograft is smaller.
After 4 Days.--A central necrotic area is still present, but the detritus has much decreased in quantity; the chromatin particles and pycnotie nuclei are less numerous. Dilated capillaries, accompanied by fibroblasts, containing mitoses, are numerous in the necrotic area. Lymphocytes and polynuclear leucocytes are met only here and there. Towards the periphery we meet larger follicles with flat epithelium, with small, moderately light nuclei and solid colloid. Some small new follicles are found in the periphery, which are either entirely isolated or united in groups of two or three. Their epithelium is high cuboidal; the nuclei are large and vesicular, some containing mitoses. Colloid is absent in the smaller follicles. A few isolated, solid cell nests, consisting of six to ten circularly arranged cells, are also seen; several show already the beginning of a central lumen. Numerous fibroblasts, frequently with mitoses, are penetrating from the surrounding tissue in several directions into the transplanted tissue. Lymphocytes and polynnclear leucocytes are infrequent. Auto-and homeotransplant are identical at this period.
After 5 Days.--Bath grafts are partly and only very loosely adherent to the surrounding host tissue; such adhesions become more and more marked in the following days and are very strong after the i2th day; after this stage the removal of the host tissue together with the graft becomes therefore necessary.
After 5 days what was formerly the central necrotic part is still persisting in the autograft, but it is now much smaller than in the earlier stages and is represented chiefly by dilated capillaries surrounded by numerous fibroblasts which have invaded this area. The number of colloid-bearing follicles has increased very much and this follicular zone occupies now a relatively much larger part of the section. Small solid cell areas and short tortuous tubules with high cylindrical epithelium and with very closely arranged nuclei are seen more frequently at this period ; they are situated either in the periphery or further towards the center; these cell tubules show frequently evagination into the surrounding tissue as well as papillary protrusions into the lumen. Various stages of the separation of small round follicles from these tubules can be seen. Mitotic figures have become numerous; frequently as many as eight can be seen in one field. Colloid is absent in ~he small follicles. Lymphocytes and polynuclear leucocytes are seldom seen; on the other hand, fibroblasts are frequent, especially in the peripheral parts and in the surrounding tissue, from where they invade the grafts arranged in bundles and in different directions.
In a corresponding homeograft the same conditions prevail in the periphery, but the larger part of the section is occupied by an extensive area of extravasated blood. Another homeograft 5 days old, however, differs already from the corresponding autograft. (I) In the former a much larger number of lymphocytes is present, which protrude into and between the follicles and begin to cause the destruction of the follicles. In some places they form small accumulations; they are seen in the larger blood vessels and in the connective tissue from where they penetrate towards the follicles. ( 2) The number of fibroblasts is greater in the homeograft, and their arrangement is at several places less loose than in the autograft; in dense bundles they invade the tissue between the follicles, compressing several of them. But this destruction is as yet only very slight; there is merely an indication of it present. In one homeograft are seen even especially long tortuous cell cords, consisting of two rows of closely adjoining cylindrical cells which in some places separate to form a narrow lumen. In oblique sections they appear as isolated small cell nests or groups of cell nests, with numerous mitoses. In cross-sections they represent oval or round follicles with cylindrical epithelium.
After 7 Days.--The central part of the autograft, consisting in some places
chiefly of blood vessels, is still distinct, but much smaller than at the earlier stages. The number of fibroblasts in this part is also markedly increased, but their arrangement is very loose. Lymphocytes are rare and found chiefly in the blood vessels. The old transplanted blood vessels are nearly entirely occluded through the proliferation of cells derived from the blood vessel walls. The central connective tissue contains numerous brownish yellow blood pigment cells. The number of follicles with high cuboidal epithelium is large; they are mostly round or oval and not compressed. We find also tubular epithelial structures with irregular evaginations and some mitoses. Several follicles contain blood and desquamated cells. The graft is surrounded by a rather dense connective tissue.
There is after 7 days a distinct difference between the homeo-and autograft. In the former the number of follicles and the amount of colloid is markedly decreased; the preserved follicles, which are present only at the periphery, are compressed by connective tissue, which invades the spaces between them; the follicles are frequently smaller and flatter than in the autograft and contain more rarely colloid, but more frequently desquamated cel!s. Usually the epithelium is of normal height and may also contain mitoses. As in the grafts 5 days old, there are numerous lymphocytes in the connective tissue and around the follicles, into which they migrate, causing their destruction. In addition, we find between the individual follicles a larger number of densely arranged connective tissue cells with mitoses in the process of producing fibrous tissue. The greater part of the graft, especially its central parts, consists of a densely built connective tissue, which in some places appears hyaline; it contains also lymphocytes and traces of destroyed or compressed follicles, which appear as narrow clefts, containing several desquamated cells. The graft is surrounded by a dense connective tissue with numerous mitoses in the fibroblasts.
After 9 Days.--The difference between auto-and homeograft is distinct. In the autograft a larger number of well preserved colloid-containing follicles, the epithelial cells of which contain numerous mitoses, is present; these follicles are separated by a thin layer of connective tissue. Lymphocytes do not invade the epithelium. The central parts of the pieces consist of loosely arranged connective tissue cells with light vesicular nuclei; there are also present numerous brown blood pigment cells. Isolated small or large solid cell nests, as well as small groups of small empty follicles, are frequent in the central areas. In some places the cell nests are strongly developed, and in such cases a large number of mitoses may be seen in the epithelial cells; as, for instance, eight to fifteen in one field. Lymphocytes are rarely present and usually in small isolated nests. Polynuelear leucocytes are occasionally seen in the larger blood vessels. The graft is surrounded by a moderately dense connective tissue.
In the homeograft only isolated follicles, separated and strongly compressed by surrounding connective tissue bands, are seen. They are found mostly in the periphery. The larger part of the follicles in the homeograft is destroyed by lymphoeytes; this destruction can be followed especially distinctly in the case of the isolated central follicles; these are surrounded by numerous lymphocytes, which invade the follicles, and penetrate between the epithelial cells, destroying them. The preserved follicles have a flat epithelium with compressed nuclei, which rarely contain mitoses. A few follicles contain solid colloid. Largeareas of the sections are occupied by lymphocytes, which fill also the larger blood vessels. The transplanted parathyroid shows the same destruction through lymphocytes as the thyroid tissue. The central parts of the graft consist partly of dense masses of fibroblasts, with distinct nuclei, which in some places form a fibrous, nearly hyaline tissue. In the center also lymphoeytes are numerous, forming rather large accumulations and filling the larger blood vessels. The original transplanted blood vessels show a totally obliterated lumen and a remarkably thickened wall, in the cells of which mitoses may be visible. Rarely an isolated follicle with cuboidal epithelium, occasionally infiltrated by lymphocytes, is seen in the central parts. Some follicles do not contain any colloid, but only desquamated cells. Blood vessels are rarely seen. The graft is surrounded by densely built connective tissue, which penetrates widely into the interior of the section.
After Ix Days.--In the autograft the number of follicles with cuboidal epithelium is increasing; they are now seen not only in the peripheral, but also in the central zones, either isolated or combined into small groups. Formation of papillm and invagination and evagination of the epithelium are frequent in these follicles; furthermore, small new follicles with numerous mitoses and without colloid seem to develop from the larger tubes. Numerous follicles are filled with red corpuscles, with lymphocytes and polynuclear leucocytes among them. Between the follicles are fibroblasts, but their number is small and they are loosely arranged; they contain occasionally a mitotic fgure. Lymphocytes are absent; polynuclear leucocytes are found only in a very limited number; but brownish blood pigment ceils are frequent. The blood vessel supply of the graft is extensive. The central former necrotic area is now much smaller and consists of a net of capillaries, filled with red blood cells; between the capillaries are numerous isolated fibroblasts; several !ymphocytes can also be seen, but polynuclear leucocytes are more frequent. Near the thyroid, and separated from it only by a narrow layer of loosely arranged fibroblasts, parathyroid tissue is seen, which appears entirely normal, with the exception of the presence of a few fibroblasts. The entire graft is surrounded by a ring of densely arranged fibroblasts, which in several places are compressing each other and appear narrow; in other places the arrangement is looser, the nuclei are round and vesicular, with two to three mitoses in a field. Lymphocytes and polynuclear leucocytes are rare.
After IX days the difference between auto-and homeograft is very distinct; in the latter the number of preserved follicles is diminished; the follicles that are left are smaller; the epithelium is often flat, with elongated nuclei, which rarely show mitoses. Colloid is present in the majority of follicles, but it is retracted, solid, and without vacuoles. Lymphocytes and polynuclear leucocytes are not seen frequently. In several places fibroblasts are invading in loose bundles the graft between the follicles. Brown blood pigment cells are frequent. The larger central part of the graft consists of a granular mass stained reddish with eosin--t~he remnants of the necrotic parts of the transplanted tissue and of fibroblasts which have penetrated into it. Lymphocytes and leucocytes are absent. The blood supply is limited. Numerous phagocytic connective tissue cells are present in the necrotic material.
After z2 Days.--Both grafts are moderately firmly adherent to the adjacent tissue. Microscopically the autograft appears similar to the one excised II days after transplantation. There are seen numerous round and oval follicles, located mostly at the periphery. While colloid is filling the majority of the follicles, several are empty and others contain desquamated cells with pycnotie nuclei. The larger part of the graft is occupied by a loosely built connective tissue, in which is occasionally embedded a follicle with high cuboidal epithelium. Several foreign body giant-cells are present. Polynuclear leucocytes are here only rarely seen, but they are more frequent than lymphocytes. The graft is now, and usually also at later periods, surrounded by a densely built connective tissue. The homeograft after I2 days is very different. Only a small number of follicles with insignificant remnants of colloid is present. They are usually found in the periphery and their epithelium is partly preserved, partly desquamated, and with a protoplasm which is often vacuolar; the nuclei are vesicular and frequently indented. Most of the follicles are markedly compressed by connective tissue fibers and show only a narrow lumen. Frequently lymp'hocytes surround the follicles, invading and destroying the epithelium. The preserved follicles are separated from each other by dense hyaline connective tissue, in which remnants of cell detritus can be seen; a small number of lymphocytes and polynuclear leucocytes are also present. The graft is, as in the future periods, surrounded by a dense connective tissue, containing many lymphocytes.
After I3 Days.--The number of follicles filled with colloid is increased in the autograft; they are lined with cuboidal epithelium, containing vesicular nuclei, with occasional mitoses. In general the number of mitoses is now smaller than in an earlier period; namely, up to the 9th day. Occasionally small solid cell areas are seen. The numerous follicles are located here as in the normal gland close to each other, divided by scanty connective tissue. Lymphocytes and polynuclear leucocytes are absent. The central part of the graft, which is without follicles, is relatively very small and consists of loosely arranged fibroblasts and brown blood pigment cells. Blood vessels are frequent.
The difference between auto-and homeograft is sharp after 13 days. In the homeograft only a few peripheral follicles are present; the height of the epithelial cells varies, with a tendency to become lower. Mitoses are rare, and frequently the epithelial cells are desquamated. Colloid is present only in small amounts; but the lymphocytes, which invade and destroy the follicular epithelium, are frequent. A few polynuclear leucocytes are also present. The follicles are separated from each other by rather broad connective tissue septa, which appear trequently hyaline. These septa completely compress and secondarily destroy the follicles. Lymphocytes are present in large numbers and frequently form large nests. The center is filled with a dense, sometimes hyaline connective tissue, in which elongated nuclei and a small number of lymphocytes are present; the latter also fill the blood vessels. The old transplanted blood vessels are totally obliterated and their wall is thickened.
After I4 Days.--The conditions are analogous to those existing after 13 days. After I6 Days.--Nearly the entire section of the autograft consists of closely arranged small and large follicles with cuboidal epithelium and light vesicular nuclei, which show only rarely a mitotic figure. Vacuolar colloid fills nearly all the follicles; occasionally one sees embedded in the colloid a desquamated cell or an extremely large, swollen vesicular nucleus, with chromatin near the membrane. Lymphocytes and polynuclear leucocytes are absent. Only in a very small part of the center of the section follicles are absent; where they are absent we find numerous connective tissue cells, which may form a loose fibrillar tissue, containing blood vessels, several foreign body giant-cells, isolated lymphocytes, and numerous brown blood pigment cells.
The two corresponding homeografts differ strongly from the autograft, and also slightly from each other. In one case about four to six partly preserved follicles are present, containing a number of desquamated epithelial cells; numerous lymphocytes surround the follicles, invade the epithelium, and destroy it. Small remnants of colloid are present. The few preserved follicles are separated from each other by broad hyaline connective tissue septa, compressing the follicles, which assume an elongated shape. The larger part of the section con-sists of a central dense connective tissue with numerous lymphocytes. Far better preserved appears the second homeograft of the same age ; here a larger number of follicles with preserved epithelium and colloid is present; the epithelium and nuclei, which still show mitoses, are of the same character as in the autograft, but in the homeograft connective tissue is invading the spaces between the individual follicles, separating them from each other. The invading connective tissue contains a large number of lymphocytes. The arrangement of the follicles is not regular, they are found not only along the periphery, but isolated ones are also seen in the central parts; they are smaller and do not contain any colloid, but even here a mitotic figure is seen in the epithelium. These isolated follicles are compressed by broad connective tissue bands filled with lymphocytes. A number of follicles are destroyed by the invading lymphocytes, but this process of destruction in the second piece is not as marked as in the majority of the homeografts. The homeograft is divided by broad septa into several lobulesi a central large hyaline area is lacking. In the central connective tissue mitoses are not infrequent; lymphocytes are numerous, but they are not found accumulated in small clusters. The graft is surrounded by dense connective tissue with lymphocytes, which are also seen in the adjacent tissue together with giant-cells.
After I7 Days.--The autografts show the typical picture of a normal thyroid
with closely arranged follicles, lined with epithelium, which surround colloid. The epithelium is high cuboidal, with large, vesicular nuclei, containing rarely a mitosis. Lymphocytes are absent. In a few follicles a slight desquamation, extravasated blood, and blood pigment are found. The small center consists of loosely arranged connective tissue cells, which do not show anywhere the tendency to form a fibrous or hyaline tissue; the larger blood vessels are also located here. The graft is surrounded only partly by dense connective tissue, partly by muscle fibers.
In the corresponding homeograft we observe the results of tissue destruction; almost no follicles are found anywhere, only remnants of destroyed follicles can be seen; they appear as narrow fissures filled wit,h several desquamated cells and lymphocytes. The rest of the graft shows a rather uniform hyaline area, with distinct nuclei; lymphocytes are also present in limited number, located mostly in the periphery, at the place of the former follicles. Several giant-cells are met along the periphery. The larger central blood vessels are totally obliterated and their wall is thickened. The blood s~pply of the graft is limited; the blood vessels are located mostly in the periphery. The grafts are surrounded partly by a fibrous connective tissue, partly by muscle tissue, containing giantcells.
After I9 Days.--The regeneration in the autograft is nearly complete. Follicles of various sizes are lying close to each other; the epithelium is somewhat flatter than after I5 and I7 days and the nuclei do not show any mitoses. All follicles are entirely filled with colloid. Lymphocytes are absent. Connective tissue is scant, so that a connective tissue center can hardly be made out. The connective tissue which does exist, however, consists of loosely arranged fibrils with light vesicular nuclei, numerous brownish blood pigment cells, blood vessels, and lymphocytes. Both homeografts show conditions similar to those after I6 days. While in one piece only fibrous connective tissue with several giant-cells is seen, numerous colloid-filled follicles are still preserved in the other homeograft. The follicles are lined with a cuboidal epithelium, containing as before light vesicular nuclei; the follicles are mostly isolated, surrounded by connective tissue, which in some parts is finely fibrillar, but forms in other places dense fibrous bands, which divide the section into several small parts. This fibrous connective tissue enci,rcles frequently isolated follicles or groups of follicles, compressing them, so that their lumen is represented only by a narrow deft. The connective tissue is accompanied by numerous lymphocytes, which invade and destroy the epithelium of the follicles. In many places, especially towards the center, the connective tissue septa are broader and the number of follicles between them diminishes steadily; near the center the septa, containing lymphocytes coming from all directions, unite; between them are seen partly destroyed follicles with desquamated cells and elongated spaces, filled with lymphocytes, which probably represent former follicles which have been destroyed. Blood vessels are not numerous, occupying mostly the extreme margin of the graft, which is surrounded by fibrous connective tissue with lymphocytes.
After 22 Days.--The typical picture of the ncwmal thyroid gland is still more pronounced in the autograft; the follicles are larger, especially at the periphery, the epithelium is cuboidal, and the nuclei are light and vesicular, without mitoses. The homeografts, analogous to those after 16 and 19 days, show again a small number of preserved follicles with solid pa~:ticles of colloid; the preserved follicles are smaller than in the autografts, their epithelium and nuclei are normal, but they are actively attacked by lymphocytes, which are found between the epithelial cells of the follicles, invading and destroying the latter. In general the number of lymphocytes is now larger, while after 16 and 19 days the connective tissue prevailed. But here also the connective tissue encircles the follicles, forming broad septa, which divide the section into several parts; this causes the formation of several small hyaline areas, instead of one large central hyaline field. But altogether the number of follicles injured by lymphocytes is more frequent than the ones compressed by connective tissue. Larger and smaller accumulations of lymphoeytes are seen in all parts of the sections. Blood vessels, chiefly situated in the periphery, are, on the whole, rare.
After 26 Days.--Both autografts show again the typical picture of the normal thyroid, consisting of closely arranged, colloid-filled follicles. In the same graft a perfectly normal parathyroid is present, consisting of solid strands of epithelial cells.
After 26 days remnants of the homeografts could not be made out with certainty; the pieces found consist of a dense connective tissue, containing several giant-cells and a few lymphocytes.
After 27 Days.--The picture of the autograft is similar to the autografts 26 days old; perfectly regenerated parathyroid tissue is again present. The homeografts after 27 days are, however, much better preserved than those of the preceding stage. It is surrounded by a dense, moderately broad connective tissue capsule, which sends several septa into the interior of the tissue. The structure of the graft is very dense, as can be seen already under the low power. Along the periphery are found about fifteen to twenty very small round or oval follicles, which are isolated from each other and which still contain solid colloid without vacuoles. In the center only one well preserved follicle is seen. The epithelium of the preserved follicles is cUboidal with vesicular nuclei. Between the epithelial cells of the follicles lymphocytes are frequently present; they penetrate towards the lumen of the follicles, at the same time injuring the latter. Connective tissue is present in a comparatively small amount; it does not form wide septa which compress the follicles. Lymphocytes, however, are numerous and they accomplish in the main the destruction of the follicles. The blood vessel supply is extremely small in comparison with that of the autograft, where a well developed system of blood vessels is always embedded in the central, loosely built connective tissue, which is entirely absent in the corresponding stages of the homeografts.
After 29 Days.--Both autografts again show the typical structure of the normal thyroid gland. The central connective tissue is very slight, of loose texture, and contains brown blood pigment cells and numerous vessels; lymphatic spaces filled with colloid are also present. The lobular structure of the gland is very distinct; fine septa containing blood vessels traverse the tissue in several directions, without altering the shape of the follicles, or without compressing them. The follicles are very numerous, and of larger size than in the previous stages; their shape is frequently oval or irregular; they are distended with colloid, in which are rarely seen one to two desquamated cells. Well developed follicles filled with colloid are found at several places in the fibrous capsule which surrounds the graft ; their shape or size is not changed by the surrounding connective tissue; some show the formation of papillm.. Both homeografts are preserved after 29 days; they show some well preserved follicles, containing colloid. But in both cases a very active destruction of the majority of follicles by lymphocytes and connective tissue is visible, the connective tissue being ' unequally active in both cases. In the first case wide fibrous septa are passing through the piece, dividing it into isolated lobules, which they surround like a ring; the fibrous tissue invades also the interior of the lobules, surrounding and compressing the individual follicles to such an extent that their total obliteration results. The connective tissue is accompanied everywhere by lymphocytes, which invade and destroy the follicular epithelium; they are found also in large numbers among the desquamated cells. In the second piece a large number of smaller follicles containing colloid is present. Broad connective tissue bands are lacking, but we find long rows of lymphocytes, which penetrate between and into the follicles and, destroy them. The blood vessel supply of the homeografts is very scant.
After 3z Days.--The autografts show the same picture as after 29 days. One homeograft shows still a remarkable number of well preserved follicles, filled with colloid, while many of them are attacked by lymphocytes; on the whole, the number of lymphocytes is in this case relatively small and the destructive process is mainly accomplished through compression of the follicles by broad septa of hyaline connective tissue. The follicles are mostly narrow, elongated, and arranged in isolated groups, which are surrounded by a hyaline connective tissue and which become totally obliterated as a result of compression. Some parts of the section appear entirely hyaline; in other parts traces of almost completely destroyed follicles can be recognized; they appear as narrow clefts, filled with desquamated cells and lymphocytes. The homeografts are surrounded by a broad capsule of connective hyaline tissue. After 47 and 52 days no traces of the homeografts were found. We see, therefore, that in this series the homeografts could not be found after the ~ 33d day.
SUMMARY AND CONCLUSIONS.
If we now consider briefly the principal results of our investigation, we can, in comparing the behavior of the thyroid after autoand homeoplastic transplantation, in general recognize three stages. In the first stage, comprising the first 4 to 5 days after transplantation, there is no noticeable difference between the auto-and homeograft; both corresponding pieces behave in the main alike; large parts of both grafts become necrotic in the center; the necrosis begins shortly after the transplantation and concerns only a part of the periphery; here a narrow zone of thyroid tissue is left; it consists of one to two rows of partly well recognizable follicles. After 48 hours the first fibroblasts, polynuclear leucocytes, and lymphocytes appear in the tissue surrounding the grafts.
After 72 hours these elements are present also in the center of the thyroid tissue. At the same date the first mitoses appear in the follicular epithelium; their number is, however, as yet small, but it in-creases markedly during the following days. After 4 days are found the first newly formed follicles, and from now on their number is increasing. Colloid is present only in small amounts in the old follicles. The central necrotic area still persists, but the masses of detritus are becoming smaller, while the number of fibroblasts and lymphocytes in the necrotic part is increasing; new blood vessels are also visible in the necrotic center.
The second stage, fhe stage of transition, extends over the next seven days. The earliest, at first slight, differences between the auto-and homeograft appear after 5 days; the difference is usually. very definite after 12 days. During this time there is an increase in the number of follicles in the autograft and correspondingly a decrease in the size of the necrotic central area, which is caused by a gradually progressing removal of the necrotic material in the center of the piece. The follicles are lined with a high cylindrical epithelium, which contains numerous mitoses. The number of mitoses increases markedly after the 4th day and reaches a maximum between the 7th and 9th days. Newly produced colloid is always present in the autograft after the 8th day; in the newly formed follicles the colloid contains numerous vacuoles and is almost never retracted, in contradistinction to the solid retracted colloid in the old follicles, which probably was present in the follicles at the time of transplantation. At the end of this period the central part is almost entirely freed from the necrotic masses and is filled with loosely arranged connective tissue cells, between which isolated lymphocytes and polynuclear leucocytes can be found. It contains also numerous blood vessels and brown blood pigment cells.
After 5 days, with the beginning of the second stage, the first as yet rather insignificant differences become noticeable in the homeotransplants. They are as follows: (I) The number of lymphocytes is much larger in the homeo-than in the autograft. (2) The fibroblasts are increased in the central area and these fibroblasts form here very soon firm connective tissue bundles ; they surround also the individual follicles or small groups of follicles and form fibrous bands, which are at this stage still very small. During the following days the number of lymphocytes increases and the fibrous connective tissue becomes more prominent, so that 7, 9, IO, and II days after transplantation numerous follicles are not only destroyed by the surrounding and invading lymphocytes, but in addition a part of the follicles is encircled and compressed by wide connective tissue bands. This compression is especially distinct in the central parts of the homeografts. At this stage the absence of a well developed vascular system is already noticeable in the central parts of the homeografts. It is especially noteworthy that the follicles of the homeograft which escaped destruction by the lymphocytes and connective tissue are as well preserved as in the autograft. Colloid is usually present in smaller amounts than in the autografts, even in the well preserved follicles of the homeografts.
It must, however, be stated that some variations occur in this stage in the degree of destruction of the homeotransplanted pieces. Side by side with pieces in which a marked destruction has taken place, there are other pieces which suffered as yet relatively little. But some of the above mentioned differences between the auto-and homeotransplants are always present to a smaller or larger extent. There are also certain variations in the relative strength, with which lymphocytes and connective tissue injure the follicles; in some homeotransplants the attacks on the part of the lymphocytes prevail, while in others those on the part of the connective tissue are more prominent. The homeotransplants, which are relatively little injured at this stage are spared only to be subject to a stronger attack on the part of the lymphocytes and connective tissue during the following stage.
The third stage begins approximately with the I2th day. From now on the difference between auto-and homeograft is sharply defined. In the autografts the regeneration of the thyroid tissue is steadily progressing and is nearly complete after 2I days. After this date the autograft represents throughout the picture of the normal thyroid gland; well developed follicles filled with colloid are surrounded by a very scant connective tissue. Mitoses, which begin already to decrease after the 9th day, are still present at the end of I7 days, but absent after this date. The small amount of loosely built, usually centrally located connective tissue, has no tendency to undergo a fibrous or hyaline change and does nowhere exert a compression on the follicles. It contains always a large number of blood vessels and only a few lymphocytes.
In the homeograft the secondary destruction of the follicles is progressing with great intensity after the I2th day. In contradistinction to a primary degeneration of the follicles, due to the action of substances circulating in the body fluids, which might have been expected to take place, but which in reality does not occur, and which would be followed only secondarily by a connective tissue proliferation and lymphocytic invasion, we may speak of the destruction by means of lymphocytes and connective tissue, which actually does take place, as a secondary destruction of the follicles. This secondary mode of destruction of the follicles through lymphocytes and connective tissue is found exclusively in the homeotransplant. Following this destruction the larger part of the homeografts is occupied by a fibrous, hyaline connective tissue, in which remnants of destroyed follicles in the form of clefts filled with lymphocytes are seen. In several cases the destruction of follicles through lymphocytes, which accumulate in large numbers around the follicles and destroy them very actively, prevails; in other cases the compression of the follicles through fibrous, hyaline connective tissue predominates; in other cases both factors may be about equally active. The few peripheral follicles which escaped destruction are small, probably as a result of compression through the connective tissue; but they may still show normal epithelium and nuclei and may occasionally contain traces of colloid. Newly formed colloid is not present in the homeotransplants at the third stage. It should also be mentioned that the blood supp!y of the homeografts, especially after the i2th day, is very much restricted and that the blood vessels are mainly located in the connective tissue surrounding the graft, and not in the central connective tissue, which exists here in a much larger quantity and is much denser than in the autograft. At this stage also we find considerable variations in the extent of the injuries, in the individual follicles. But no piece escapes the attack entirely, and those which remain relatively well preserved for a certain period will be attacked at a later date by the connective tissue, as well as by the lymphocytes of the host.
To summarize briefly the principal result: For a short period of time after operation no difference is seen in the behavior of the thyroid after auto-and homeotransplantation. Very soon, however, a destruction of follicles begins to take place in the homeografts. This destruction is not caused by a direct primary disintegration or solution of follicles, but depends on the destructive activity of (I) the lymphocytes, and (2) of the connective tissue of the host tissue. The former invade the follicles and destroy them directly; the latter grows into the homeografts in larger quantity than into the autografts. In the former it soon becomes fibrous and hyaline; in the latter it remains cellular. The fibrous connective tissue surrounds and compresses and thus destroys the follicles. In some homeografts destruction by means of lymphocytes, in others by connective tissue, preponderates. The rapidity with which the destruction takes place in different homeotransplants also varies. A much better blood vessel supply develops in the autograft than in the homeograft.
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